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© Sag resistant, unfilled, low viscosity urethane structural adhesive. 

© A two component urethane structural adhesive formulation was developed containing a multi-functional 
aromatic amine terminated polyether as part of the curative component- The adhesive of the present invention is 
prepared by mixing and reacting the following low viscosity components: 

Component A, a curative comprising a polyoi and an aromatic amine terminated polyether containing two or 
more primary amine groups and having a molecular weight of from 250 to about 10,000 and Component B 
comprising a polyisocyanate. The adhesive of the invention is characterized by its improved sag resistance its 
heavy body which is obtained without resort to included fillers or to prepolymerization of the components and by 
the relatively low viscosity (under about 15.000 cps) of its components which permits easy bulk handling. 



Q. 
LU 



•mi » 



Rank Xerox (UK) Business Services 




EP 0 440 934 A2 




SAG RESISTANT, UNFILLED, LOW VISCOSITY URETHANE STRUCTURAL ADHESIVE 
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The present invention relates to urethane based adhesives and more particularly, to sag resistant, read-; 
through free adhesives. 

SUMMARY OF THE INVENTION 

A two componeht urethane structural adhesive formulation was developed containing a ^'^ unc «°^| 
arorrtatTamine terminated polyether as part of the curative component. The adhesive of the present 

sis*. •sttJss^-zttzz ~- 7 " "r, 

s^rres?stance Theavy body which is obtained without resort to included fillers or to prepolymenzat™ of 
"e components and by the'relatively low viscosity (under about 15.000 cps) of ,ts components wh.ch 
permits easy bulk handling. 

BACKGROUND OF THE INVENTION 

Two component polyurethane adhesives are known and have been widely used in Ending structural 
component in prJlce. a first component which includes an isocyanate prepolymer ,s rmxed wrth a 
curaHve. polyhydroxyl component and suitable catalysts and other funchonal « agents 

composition comprising a polyisocyanate of retarded reactivity -and a J^V*™™- 

US Patents 3 979.364, 4.336,298. 4,444,976 and 4,552.934 and European Patent 63,534 all relate to 

1,16 7uV2E'S rU^T^TZ'^o, of a diamine to a two component polyurethane 

; applications which is characterized in that the viscosity of each of its components « less than 15.000 cps. 
DETAILED DESCRIPTION OF THE INVENTION 

The presently disclosed adhesive system is superior to current, commercially significant, ^eompo- 

!1S material such as reinforced and unenforced thermoset sheets without caus.ng a ead- 
" Z^^sT: s for the usl of °«n substrates and or softer substrates to be bonded while main«a,n,ng 

th8 ^rad^^he'present invention is prepared by mixing and reacting the following low viscosity 

cZonemA, a curative comprising a polyo. and an aromatic amine terminated polyether containing two or 
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equivalent weight of at leas 2.0 equivalents, 

optionally . 3 t0 5 equivalents on d/or 

Component B: an amoU nt suWoW* to renoe 

2=^0*5* isocyanate. and drying agents. 

The preferred prtyefter P » en9 oxic i e may su.tably an 

nationality* sQme or a „ o. ^ PHD po** 325 421 which is 

DUtyl ene ox.de or mjw polyols a(e the so Ml pQly0 , as. Patent ^ feacting a 

Among the P re,9 " e „,^; drazin e in the presence ot >P' sui , ab le PHD ' P£Y , having a 

org anic d"Socyana» and Mj a . ^ for ^ . ncorporaled 

incorporated " er «° ^ ° r le ss) «K isocyanate per-Q ^ ^ 0 r equal to hydroxy 

stoichiometric ast 500 and a JT^ ,,42.537 and ^O 89 ' 835 ^ an d acrylonitrile in 

molecular we.gM of at least u S Patents 4,u polymerizmg sty'ene a 3 

herei n by reference^ tt*^ f poly* «^ aS y P8tert s 3.383,351. 3,304,2 

le rm includes chain extended P° V ^ as „ a s P°^ ap poly^utyleno a*pa«) 9 V uch 
saturated dicarboxybc wd ^ p , y (propy^^ 0 locW j. those ^'"f'^lene glycol. 

(neopentyl sebacatej y > hvdroq uinone ois^ nyu , « mettw |-2-ethyl-i ,o p»"k tyi glycol, 1.2- 

succinic acio\ glu 
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4 01614, °2 e "'^ un 9^rm en 2,019 43? * contai ™'"9 aromatic arX, ! by reaction "Mi isatoic 

averting £ i son, ar ° matic Polyl^^ ' ^ conl^^ ^ ™e m 0st 
«•«.(*». in EufL = terminated P°^eZ s t 1 ^ 2 ' 19 <®>. PP ° atl0n Seria ' I** 
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,s * hydrogen or a halogen 
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(iii) The optional low molecular aliphatic polyol of the invention is a chain extender and comprise one or 
more aliphatic poiyols having a functionality of at least 2. preferably 2 or 3, having a molecular weight of 
below 500. The low molecular aliphatic poiyols suitable in the present context include diethylene glycol, 
triethylene glycol, propylene glycol, 1.3-dihydroxy propane. 1 .4-di hydroxy- butane, 1 .3-butanediol, 1,6- 

s dihydroxyhexane, and trimethylot propane 

<iv) the optional low molecular weight isocyanate reactive poly amine of the invention is characterized in 
that its equivalent weight is about 30 to 200 and in that its functionality is 2. 3 or 4. Among the suitable 
amines are isophorone diamine, diethylene toluene diamine, methylene bis cyclohexylamine, 
dicyclohexyl methane a.S'-dimethyl-M'-diarnine. diethylene triamine, methylene dianaline, propylene 

w diamine, butylene diamine, amylene diamine, hexylene diamine and toluene diamine. Aliphatic diamines 
are preferred. Component (iv) may be added in an amount sufficient to produce an adequate resistance 
to flow when components A and B are mixed. The term "adequate resistance to flow" is a term of art 
which to a skilled artisan means that when a bead of adhesive is applied to a vertical surface, it does not 
run, drip or sag. 

;s As component (B), substantially any organic isocyanate may be useful in the practice of the invention. 
Aromatic, aliphatic, cycloaliphatic. arylaliphatic and heterocyclic polyisocyanate may be used. Examples of 
suitable polyisocyanates are described by W. Siefken in Justus Uebigs Annalen der Chemie, 562, pages 75 
to 136. Among the polyisocyanates described therein are those corresponding to the general formula 

so Q (NCO) n 

wherein n represents 2-4 preferably 2 and Q represents an aliphatic hydrocarbon radical containing from 2 
to 18, preferably 6-10 carbon atoms. Typical aromatic polyisocyanates include m-phenylene diisocyanate, 
o-phenylene diisocyanate, polymethylene polyphenylisocyanate. 2.4-toluene diisocyanate. dianisidine 

25 diisocyanate, bitolylene diisocyanate, naphthalene-1 ,4-diisocyanate, xylylene-1,4-diisocyanate, xylylene-1 ,3- 
diisocyanate, bis(4-lsocyanatophenyl)methane, bis(3-methyl-4-isocyanatephenyl)methane and 4,4' diphenyl- 
propane diisocyanate and mixtures thereof. Preferred are 2.4- and 2.6-toluene diisocyanates and methylene- 
bridged polyphenyl polyisocyanate mixtures having a functionality of from about 2 to about 4. Most 
preferred methylene-bridged polyphenyl polyisocyanate mixtures contain 20 to about 100 percent by weight 

30 of methylene diphenyl diisocyanate isomers with the balance being polymethylene polyphenyl 
polyisocyanate having higher molecular weights. Especially preferred are toluene diisocyanates, diphenyl- 
methane diisocyanate, isophorone diisocyanate and methylenebiscyclohexyl isocyanate. 

The adhesive of the invention may also contain any of the known agents which are recognized in the art 
for their specific function, including catalysts, drying agents and anti-foaming agents. These include the 

35 conventional polyurethane catalysts preferably tin catalysts and tertiary amine catalysts. The adhesive of the 
invention may further include isocyanate prepolymers and/or fillers. 

Suitable organic tin compounds include tin-(ll) salts of carboxylic acids such as tin acetate, tin octoate. 
tin 2-ethylhexanoate and tin laurate, and the tin-(IV)-compounds such as dibutyl tin oxide, dibutyl tin 
dichloride, dibutyl tin diacetate, dibutyl tin dilaurate, and dibutyl tin maleate or dibutyl tin diacetate. 

40 Preferred tin catalysts include sulphur containing tin compounds such as di-(octyl)-tin-(IV)-bis-thiomethyl 
or dimethyl tin-(IV)-bis-thiolauryl; dimethyl-tin-bis-thioglycolic acid hexyl ester; or dibutyl tin-bis-thioglycolic 
acid octyl ester. The above-mentioned catalysts can obviously be used as mixtures. Combinations of 
organic metal compounds with amino pyridines, hydrazino pyridines (German Auslegeschriften No. 
2,434.185. 2.601,082 and 2.603,834) or 1 ,4-diazabicyclo-2 t 2,2-octane and/or conventional tertiary amine 

4$ catalysts of the type usually used in polyurethane chemistry can also be used if desired. The catalysts 
when used are generally used in a quantity of 0.001 to 5% by weight, preferably 0.01 to 2% by weight 
based on the weight of all the components. The use of a catalyst brings about a shortening of the handling 

time of the adhesive system. 

In the practice of the invention component (v). the organic isocyanate is mixed with the second, 
so curative, component which is a mixture of (i), (ii) .and optionally (iii) and/or (iv) - in a predetermined ratio 
designed to produce an isocyanate index of from 0.80 to 1.50. preferably 1.1 to 1.3. The components may 
be mixed in any of a variety of conventional, well known methods including impingement mixing and static 
mixing and they may be applied to the substrate to be bonded as thin films or in the form of beads. 

The invention is further illustrated, but is not intended to be limited by the following examples in which 
55 all parts and percentages are by weight unless otherwise specified. 

EXAMPLES 
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A curative within the scope of the invention (hereinafter curative A) was prepared using the following 
materials: 

64.0 parts of a po1y(propylene oxide) triol capped 

with ethylene oxide (molecular weight -Mw- 
6,000), 

11.0 parts of an aromatic amine terminated polyether 
prepared by hydrolyzing an isocyanate terminated 
polyol which has been prepared by the reaction 
of excess TDI with a 4800 molecular weight 
75 polyoxypropylene polyoxyethylene triol. 

20.0 parts of 1 ,4-butanediol , 

4.0 parts of bis-(4-aminocyclohexyl )methane, Mw 210, 

20 10.0 parts of sodium potassium aluminosil icate in 

castor oil -a drying agent- and 
0.01 parts of dimethyltin dilaurate catalyst. 

25 A curative (curative B) which is outside the scope of the present invention was prepared using the same 
components and in the same amounts as noted above except that the aromatic amine terminated polyether 
of curative A was replaced by 

11.0 parts of an aliphatic amine, terminated polyether, Jeffamine-T-5000, having a molecular weight of 
5,500. 

30 The isocyanate used in conjunction with curatives A and B, was a polymeric diphenylmethane 
diisocyanate having an NCO content of about 32%, an NCO functionality of about 2.4 and a content of the 
2,4 , -isomer of about 19%. 

All samples were prepared at an isocyanate index of 130. 

The adhesive formulations were tested for performance using the lap shear test (SAE J1525). 

35 Accordingly, sheets of fiber reinforced plastic - FRP - measuring 4"x 9"x 0.125", were bonded together 
using metal spacers to insure bond thickness of 0.030" and an overlap length of 1 inch. The surface of the 
FRP was wiped with a dry cloth prior to bonding to remove dust. No other surface preparation was used. 
The adhesive was cured in a treated press for 90 seconds at a temperature of 250 * F, followed by 
postcuring of 30 minutes at 250° F. Test specimens (1 inch wide) were cut from the cured samples using a 

40 diamond tipped saw. The samples were tested at 

(i) room temperature (RT), and 

(ii) a temperature of 82° C after conditioning for 1 hour at that temperature. 



50 



Adhesive performance 

Lap Shear (RT) Lap Shear (82'C) 

Example Pol vol PSI % fiber tear PS I % fiber tear 

1 curative A 580 99 411 89 

2 curative B 568 82 254 3 



The results clearly demonstrate that an adhesive curative prepared using an aromatic amine terminated 
55 polyether produces an adhesive with superior high temperature properties as compared to a similar curative 
prepared using an aliphatic amine terminated polyether." 

The adhesive of the invention is suitable for bonding, flexible, semi-structural and structural substrates 
in a variety of forms, including cloth, sheets, foams and the like. 
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Although the invention has been described in detail in the foregoing for the purpose of illustration, it is 
to be understood that such detail is solely for that purpose and that variations may be made therein by 
those skilled in the art without departing from the spirit and scope of the invention except as it may be 
limited by the claims. 

Claims 

1. A two component polyurethane adhesive comprising the reaction product of a curative and a 
polyisocyanate, said curative comprising a polyol and an aromatic amine terminated polyethei contain- 
ing two or more primary amine groups and having a molecular weight of from 250 to about 10,000, said 
adhesive being characterized in its improved sag resistance, its heavy body which is obtained without 
resort to included fillers or to pre polymerization of the components and by that the viscosity of its 
components is under about 15,000 cps. 

2. The adhesive of Claim 1 , wherein said curative comprise 

(i) 0.1 to 4.0 equivalents of a polyhydroxy functional material having an equivalent weight of at least 
150 and a hydroxy functionality of at least 2, 

(ii) 0.03 to 5.0 equivalents of a multi functional amine terminated polyether having an equivalent 
weight of about 250 to 1 0,000. 

3. The adhesive of Claim 2, wherein said curative further comprise 2 to 7 equivalents of a low molecular 
weight aliphatic polyol having a hydroxy functionality of at least 2 and a molecular weight of below 500. 

4. The adhesive of Claim 2, further comprising one or more isocyanate reactive polyamines having an 
equivalent weight of about 30 to 200, and a functionality of about 2 to 4, in a sufficient amount to 
produce adequate resistance to flow when said curative and said polyisocyanate are mixed. 

5. The adhesive of Claim 1 , wherein said polyisocyanate comprise an organic isocyanate, in an amount 
sufficient to render the isocyanate index of said adhesive between about 0.80 to 1 .50. 



6. The adhesive of Claim 5, wherein said index is about 1.1 to 1.3. 
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© Sag resistant, unfilled, low viscosity urethane structural adhesive. 

® A two component urethane structural adhesive 
formulation was developed containing a multi-func- 
tional aromatic amine terminated polyether as part of 
the curative component. The adhesive of the present 
invention is prepared by mixing and reacting the 
following low viscosity components: 

Component A, a curative comprising a polyol 
and an aromatic amine terminated polyether contain- 
ing two or more primary amine groups and having a 
molecular weight of from 250 to about 10,000 and 
Component B, comprising a polyisocyanate. The ad- 
hesive of the invention is characterized by its im- 
proved sag resistance, its heavy body which is ob- 
tained without resort to included fillers or to 
prepolymerization of the components and by the 
relatively low viscosity (under about 15,000 cps) of 
its components which permits easy bulk handling. 
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